Health becomes an important topic today. One current problem was how to treat the effects of metabolic diseases, such as diabetes mellitus (DM). Thus, this study used an ethanolic extract of propolis (EEP), to test their ability as the supplement in the diabetes treatment to reduce inflammation, through proinflammatory factor response, especially nuclear factor κB (NF-κB). The streptozotocin-induced diabetes mellitus (SID) mice model was used, and expression of an proinflammatory factor was analyzed in their innate immunity cells with 3 doses of EEP, i.e. 50 mg/kg body weight, 100 mg/kg body weight, and 200 mg/kg body weight. Treatment of EEP in SID with three doses treatment decrease the number of macrophages with NF-κB expression significantly with DM control group. The results of B cells with NF-κB expression showed that EEP treatment in SID could decrease in dose 1 and dose 3, but not in dose 2. Proinflammatory cytokines expression of macrophage, especially Tumor Necrosis Factor-α and Interferon-γ, with EEP treatment in SID could decrease in three doses. This study suggests that EEP could reduce inflammation by inhibiting the development of NF-κB in innate immunity cells.
Introduction
Health becomes an important topic today. One of the current problem mostly found was to treat the effects of metabolic diseases, such as diabetes. The disease is characterized by hyperglycemia or elevated blood sugar levels, or more commonly referred to diabetes mellitus (DM). DM are classified into two types based on causing factors, namely, type 1 DM and type 2 DM. Type 1 DM is characterized by events when insulin levels are low due to abnormalities in insulin secretion, and histologically it can be seen as a loss of insulin-producing beta cells of Langerhans islets in the pancreas. So this type is also called insulin-dependent DM. Type 2 DM occurs due to events of insulin resistance, which can also be combined with reduced insulin secretion. Type 2 DM is the most common one. 1 Global prevalence of DM, in 2014, reached 8.5% in adults with age >18 years risen from 4.7% in 1980. An estimated 1.5 million deaths occurred due to DM and another 2.2 million deaths were attributable to high blood glucose in 2012. 2 The immune system in the occurrence of DM also plays a role by inflammatory response. The inflammatory response through role of Nuclear Factor-κB (NF-κB), especially those driven by macrophages, is response to a loss of barrier function. 3 NF-κB has been considered a prototypical proinflammatory signaling pathway, the activation of NF-κB largely by proinflammatory cytokines, and then expressing of other proinflammatory cytokines, as Tumor Necrosis Factor-α (TNF-α) and Interferon-γ (IFN-γ). 4 The immune system is useful to maintain the body condition against foreign substances, such as pathogens, which may be a risk factor for DM, especially in aggravating the inflammation. 5 Thus, immunomodulatory applications in diseases related to the immune system balance are needed.
Natural substances for a supplement of treatment as an immunomodulator can be a solution to reduce the use of synthetic drugs. Propolis is product from honeybee that have broad spectrum of biological properties. 6 Propolis is prepared by the honeybees to seal the cracks, smooth walls, and to keep moisture and temperature stable in the hive all year around. Propolis is a resinous substance used by bees as a coating to protect the honeycomb. 7 Propolis have varies composition depend on the source. Generally, it is composed by 50% resin and vegetable balsam, 30% wax, 10% essential oil and aromatics, 5% pollen, and 5% other substances. 8 Barbarić et al. 9 were able to identify some phenolic acids and flavonoids that analyzing ethanolic extracts of propolis (EEP) by the RP-HPLC. From protection function of propolis, then it is considered to benefit the development of immune system homeostasis and disease recovery, particularly DM.
The aim of this study was to test the inhibition ability of ethanolic extract of propolis as a supplement in DM treatment to reduce proinflammatory factor that causing inflammatory response by innate immunity cells in DM mice model.
Materials and Methods
Propolis was collected manually from the beehive of the wasps ranch in Malang, East Java, Indonesia, and was kept desiccated pending its processing. It was extracted in 95% v/v ethyl alcohol, with extracting procedure suggested. 10 Experimental animals were mice (Mus musculus) strain Balb/c, seven weeks old. Five animals were in a healthy and 20 animals in DM condition, with weight±20 grams. Animal models of diabetes were streptozotocin-induced DM (SID) intraperitoneally in neonatal mice aged seven days, at a dose of 100 mg/kg Body Weight (BW). The concentration of streptozotocin (STZ) stock solution was 7 mg/mL, by dissolving 7 mg powder STZ with 1 ml of 0.1 M citrate buffer pH 4.5. By assuming each baby's mice weight±3.5 grams, then STZ was injected to obtain the desired dose is 50 μL. The injected mice were allowed to grow in the animal chamber, got feeding, drinking, as well as the replacement of the cage chaff done routinely. After five weeks old, the mice's blood glucose levels were measured with a glucometer. Blood glucose levels >200 mg/dL showed that these mice have successfully induced DM. 11 SID mice model were used because STZ can damages pancreatic β cells, to resulting in symptoms of hyperglycemia. 12 Mice which were determined to have symptoms of diabetes were used as a DM control group and the group with EEP treatment, it was divided into three group of doses treatment. That doses included dose 1 (50 mg/kg BW), dose 2 (100 mg/kg BW), and dose 3 (200 mg/kg BW). These doses were selected according to other experimental studies. The EEP treatment was orally carried out for 14 days. The healthy mice were used as normal control group. Each group consists of five mice. In for 14 days of treatment, it was followed by the measurement of blood glucose levels every three days for all group. Periodic measurements determined the effect of EEP to lower glucose levels in the blood plasma.
Animals were used in surgery to take the spleen. Then, the organ was crushed in a phosphate-buffered saline (PBS) solution and transferred to 15 mL polypropylene tube. It was centrifuged at 2500 rpm, in temperature 10°C, for 5 minutes. Results of supernatant were discarded, and pellets were formed to be resuspended with 1 mL PBS. 13 Results of resuspension were moved 5 μL at 1.5 mL microtube, added 95 μL of Evans blue and homogenized. Cells were then calculated by hemocytometer under microscope observation.
Resuspension of cell isolation was added with 100 μL in a microtube containing 300 μL of PBS, then centrifuged at 2500 rpm, in temperature 10°C, for 5 minutes. The supernatant was discarded, the pellets were formed then added with 1 μL of antibody (for detection of cell surface molecules) which had been diluted with 50 μL PBS. The suspension was incubated in an ice box for 20 minutes. 13 Furthermore, the cell suspension was added to 50 μL fixation buffer (BioLegend), and it was incubated in the ice box for 20 minutes. Next, the cell suspension was added to 500 μL of intracellular staining permeabilization wash buffer (1X) (BioLegend) and centrifuged at 2500 rpm, in 10°C, for 5 minutes. Supernatant was discarded, pellets were formed then added with 1 μL of antibody (for detection of intracellular molecules) which had been diluted with 50 μL PBS. 14 The type of immunological staining was a triple staining, the dye was Fluorescein Isothiocyanate (FITC)-conjugated rat anti-mouse CD68 (clone: FA-11 / BioLegend), Phycoerythrin (PE)-conjugated rat anti-mouse B220 (clone: Poly4053 / BioLegend), Phycoerythrin-cyanine dye 5 (PE/Cy5)-conjugated rabbit anti-mouse NF-κB (Polyclonal / Bioss). In addition, it is also used FITC-conjugated rat anti-mouse CD68 (clone: FA-11 / Biolegend), PE-conjugated rat anti-mouse TNF-α (clone: MP6-XT22 / Biolegend), PerCP/Cy5.5-conjugated rabbit antimouse IFN-γ (clone: XMG1.2/ Biolegend) to analyze the expression of macrophage's cytokine.
Immunostaining results were then added with 400 μL sterile PBS and put in a cuvette flow cytometer. The cuvette was mounted on a BD FACS Calibur™ nozzle flow cytometer. It performed setting on a computer with software BD Cell Quest Pro™ (San Jose, CA) and performed connection with the flow cytometer (Acquiring mode).
Data were analyzed by using the modeling results of calculating cells which expressing NF-κB and proinflammatory cytokines was observed with BD Cell Quest Pro™ software. They were tested statistically to obtain the normality and homogeneity of variance test. The data were then tested by one-way ANOVA with α value=0.05. Then posthoc Tukey HSD (Honestly Significant Difference) test was performed to determine the difference when the ANOVA results showed significant results. Data analysis was conducted by SPSS 16.0 for Windows.
Results

The number of macrophages (CD68) cell with NF-κB expression
Results of each treatment were shown by the absolute number of macrophage (CD68) cells to express NF-κB, from whole living cells in the sample ( Figure 1A) . The relative number of macrophage cells to express NF-κB from each treatment was shown by flow cytometry dot plot, from whole living cells in the sample ( Figure 1B) . The results of SID mice model revealed that significantly increased the number of macrophage cells expressing inflammatory factors (NF-κB) to the normal control group (P≤0.05).
The absolute number of macrophage with NF-κB expression in the treatment group (DM_50, DM_100, and DM_200) was significantly different (P≤0.05) with DM control group. The results showed that the compounds in EEP could act as an inhibitor to NF-κB expression in macrophage cells. In addition, the treatment group was also not significantly different (P>0.05) with a healthy control group. It showed that the EEP was able to restore NF-κB expression in the macrophage cells to reach normal levels. The results demonstrated that treatment EEP on SID with three doses used showed a decrease in the number of macrophages with NF-κB expression significantly with DM control group. Furthermore, it showed that at the lowest dose, the EEP was able to inhibit the expression of NF-κB in macrophage cells.
The number of B cell with NF-κB expression
Results of each treatment were shown by the absolute number of B cell (B220) to express NF-κB, from whole living cells in the sample (Figure 2A) . The relative number of B cell to express NF-κB from each treatment was shown by flow cytometry dot plot, from whole living cells in the sample ( Figure 2B ). The results of SID mice model revealed that the significant increase was in the number of B cell expressing NF-κB compared with normal control group (P≤0.05).
The absolute number of B cell with NF-κB expression from the treatment of EEP in SID mice model showed that at doses 50 and 200 mg/kg BW significantly different (P≤0.05) with DM control group, and no significantly different (P>0.05) with a healthy control group. However, the EEP at a dose of 100 mg/kg BW was not significantly different from the two controls group. The results showed that the compounds in EEP could act as inhibitors of NF-κB expression of B cell in lowest dose.
The number of macrophage cell with cytokines expression
Results of each treatment were shown by the absolute number of macrophage cell with their proinflammatory cytokines (TNF-α and IFN-γ) expression from whole living cells in the sample ( Figure 3A) . The relative number from each treatment was shown by flow cytometry dot plot of macrophage cell, from whole living cells in the sample, to express TNF-α ( Figure 3B ) and IFN-γ ( Figure 3C ). The results of SID mice model revealed that the significant increase was in the number of B cell expressing NF-κB compared with normal control group (P≤0.05).
Result of macrophage cell which express both of cytokines showed a significant increase in DM control group as compared to normal control group (P≤0.05). Furthermore, the treatment of the EEP in SID mice model, even on the three doses shown significantly declined against DM control group. It shows an inhibition of the cytokines expression that support has occurred inhibition of transcription factors that lead to the expression of these cytokines. 
Article
Discussion
Macrophage was the first defense against the antigen in the inflammatory mechanisms. Thus, the increased expression of inflammatory factors (NF-κB) demonstrated that inflammatory responses in individuals with DM have occurred in its body. 15 A decrease of NF-κB expression level by macrophage cells in the treatment group was suspected due to flavonoids contained in EEP. It showed that at the lowest dose, the EEP was able to inhibit the expression of NF-κB in macrophage and suspected compound was the containing flavonoids which play a role in it. It was supported by other studies, that Luteolin, class of flavonoids which can inhibit lipopolysacharide (LPS) -induced NF-κB activation in macrophage cells. 16 The process of forming inflammation in DM by B cell is also detected as the research conducted, 17 and it supported the process of increasing the number of B cell through proliferation pathways affected by NF-κB. 18 The proinflammatory transcription factor, NF-κB especially, in B cell had different roles, in addition to the expression of proinflammatory cytokines. In B cell, NF-κB also contributed to the regulation of cell division which had matured. The cleavage arrangement occurred in the G0 until the end of G1, where at this stage of cell cycle, it is a process of forming the ribosome, that was essential for DNA replication. 19 The control of cell growth was the dependent NF-κB activation which was also required for all signals, including as an inducer of the expression for c-Myc in the cell division. The presence of c-Myc transgenic is not sufficient to generate a signal of dependent mitogen proliferation of B cell. 18 When there is no presence of B cell in the inflammatory process which occurs in mice with symptoms of DM/obese mice, a role of B cell that suppress the presence of regulatory T cells (Tregs) can be seen. It was characterized by an increase of Tregs and reduced inflammation in obese mice which did not have B cell compared obese mice with the presence of B cell in that studies. It showed the role of B cell supports the function of proinflammatory T cell in obesity. 17 It was also supported by a recent study in Tregs, that EEP administration dose 200 mg/kg BW in DM mice model showed changes in the number of Tregs as in healthy control group. 20 In addition, Tregs could prevent an increase of activated T cells, 21 which can lead to symptoms of DM. A decrease in the number of B cell through the proliferation response of NF-κB was also a factor in controlling the pathogenicity of DM. In dose 2 (100 mg/kg BW), the number of B cell with NF-κB decrease not significantly different from DM control group (Figure 2A) . The condition may occur because the amount of EEP that suppresses NF-κB activation is not as large as the amount of antagonist compound, which is able to activate NF-κB at that dose. The similar conditions occured in TNF-α expression by macrophages, which have decreased the expression not significantly of the DM control group. This is because the herbal or similar extracts have been shown to modulate immune responses during inflammation depending on its dose. 22 The suspected compounds that playing a role in the response were phenolic and flavonoids which became one of the ingredients in propolis. Both compounds have a role in inhibiting NF-κB activation by LPS induction of cell environment. 23, 24 Thus, NF-κB activation which had a major role in the survival of B cells and determines it so did not exceed normal conditions. Then, the role of B cell which can suppress Tregs does not exceed normal conditions and does not leads to the polarization of certain cell subset of Thelper cells, which leads to an inflammatory response. 17 Flavonoids, such as luteolin contained in tea leaves, can be a factor inhibiting the activation of proinflammatory cytokines production. Resulting in decreased expression of proinflammatory cytokines in macrophages are being treated with luteolin. 16 [ 
Conclusions
The treatment with EEP gives an inhibitory effect on NF-κB expression, both in macrophage and B cells, among all dose in this research. Propolis is effective in reducing NF-κB expression in an animal model. However, further study and evaluation is required.
